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SUMMARY

This work investigated main effects and interactions among
aptitude, job and task experience, and task difficulty in predic-
ting AFS 426x2, Jet Engine Mechanic, task performance. Aptitude
(as measured by the Armed Services Vocational Aptitude Battery
Mechanical Aptitude Index), Jjob and task experience composites,
and task learning difficulty indices (LDIs) were all found to be
significant predictors of task performance. Contrary to expecta-
tions, task difficultv did not consistently affect relationships
of task performance to either aptitude or experisnce. However,
small but statistically significant interacticons hetween aptitude
and experience were found, indicating that task performance
becomes less predictable from aptitude scores over a mechanic's
first term of enlistment. Finally, one approach to determining
aptitude regquirements from indices of situational demands (LDIs)
was illustrated. Future research should (a) investigate the
usefulness of other person and situational predictors of task
proficiency, (b) improve the definition and measurement of job
experience, (¢} investigate changes in performance determinants
over time, (d) attempt to statistically separate true score
effects on proficiency measures from those due to measurement
bias, and (e} extend these analyses to other Air Force
Specialties.



PREFACE

mhe regearch descriled in this paper was ccmpleted while the

Ffirst author was under appointment as a Summer Rssearch Fellew at
AFHRL/IDE, Brooks Alr Force Base, Texas. The research was con-
ducted as part of a Joint-Service Job Performance Measure-
ment/Enlistment Standards Project to develop prototype measures
of job performance and link enlistment standards to on-the-job
performance. The first author thanks Universal Energy Systems,
the Air Force Office of Scientific Research, and the AFHRL staff

for supporting this research.
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Table 1. Study Yariables’ Descriotive Statistics
N of b
Scale cases
range Mean ) (possible)
Performance Measures:
1. WTPT Scores ¢ -10 7.34 z.37 3255(3825)
2. OPR Ratings 1 -5 2.85 1.58 32711(3825)
3. Self Task Ratings 1T -5 3.87 .94 3222(3825)
4. Supervisor Task Ratings 1-5 3.86 1.23 3248(3825)
Experience Measures:
5. Job Experience Composite 0 -48 19.36 8.80 217(255)
6. Task Experience Composite 1 -7 3.55 1.47 3255(3825)
Task Difficulty Measure:
7. Task Learning Difficulty
Index 1 ~25 13.91 2.18 23(23)
Aptitude Measure:
8., ASVAB/MEC-AI 4-396 225,74 25,68 217(2558)

2 tandard deviation.
b

number of valid cases [of total nossible).
level of analysis and missing data.

=1

I of cases vary due to



Taple 2. Intarcorrelations Amonc Itudy ‘arfablas

1 2 3 4 5 6 7 g
WTPT Scores 1.00
OPR Ratings 04 1.00
Sel? Task Ratings A7 .07 1.00
Suparvisor Task Ratings s .10 .26 1.00
Job Experience Composite G700 .0z 22 L 0 1.00
Task Experience Composite .20 .08 .54 .23 e 1,00
Task LDIs ~.26 -.0z ~-.z22 -.15 01 -.24 1.00
ASVAB MEC-AI .05 .05 .Gb .06 -.26 01 - 1.00







~able 3. Hisrarchical Regression Analysis Results - Main Effects

Self Supervisor
WTPT OPR task task

Dependent Variable scores ratings ratings ratinags
Predictors:
1. ASYAB MEC-AI 081%*0 057 115%% L 120%*
2. Task LDIs -, 239%* -, 016 -, 231%* L153**
3. Job Experience .

Composite ,088** .030 217 ,213*%
1. ASVAB MEC-AI .066** ,049%* LQBh** ,061**
2. Task LDIs -, 203%* .004 -, 096%* L102%*
3. Task Experience

Composite JlagF* ,080** L 513%* ,183%*

shown in the upper {lower) half of the Tabla.

B s e s s . . .
Main effects including Job (Task) Experience composite are

b : , . , .
Ordinary least squares standardized partial regression
narameter estimates (beta weights).

**y < 01,






Tablie 4,

Hierarchical Moderated Regression Results - Walk Through Measures

Dependent variable

WTPT scores OPR scores
R 3 éf R F af
Linear Terms;
(M) ASVYAB MEC-AL +
(L) Task LDIs +
(J) Job Experience
Composite 06726 78,14%=* 3,3251 00357 g, 50%* 33,3207
(M) ASYAB MEC-AI +
(L} Task LDIs +
{T) Task Experience
Composite .07845 G2.25%* 13,3251 , 00870 23,18** 3,3207
weF LA G 4 of
Cross-~Product Terms:
Mx L . 00056 1.85 1,3250 , 00000 .00 1,32086
Mo d 00212  7.40%* 1,3250  .00300 §,.68%* 1,3206
L xdJ . 00080 2.79 11,3250 .pooa2 0.086 1,3206
Mx L 00059 2,08 1,3250 . 00000 .00 1,32086
MxT .00128 4, 52* 1,3250 ,00184 5.96%* 1,3206
L xT 00071 2.51 1,3250 00002 0.06 1,3208
*n < D55 ¥ 01,

12



Tabie 5. Hisrarchical Moderated Regression Results - Self and Supervisory

Task Performance Ratings

Dependent variable

Self ratings Supervisory ratings

{0
g™

£ af.

=

F 4f

Linear Terms:

(M) ASVAB MEC-AL +

(L) Task LDIs +

{J) Job Experience
Composite

(M) ASBAB MEC-AI +

(L) Task LDIs +

{T) Task Experience
Composite

.09944  118.45%* 3,3218  .06920 80,39%  3,3244

,30187  463.82** 3,3218  .061%4 71.596**  3,3244

Interaction Terms:

R F TR G ¢f
00003 0,11 1,3217 .000G0 00 1,3243

00122 4.36** 1,3217 00570 19.99%%  1,3243
00037 1,32 1,3217  .00016 0.36 1,3243

,00001  2.05 1,3217  .0000C .30 1,3243
.00393 18.22** 1,3217  .0Q0011 0,38 1,3243
02009 95.35%* 1,3217  .00702 24.46%*  1,3243

13



Table 6. Task Experience Subgroup Analysis of Relations Between Task Learning Difficulty
'''''' and Self and Supervisar Task Proficiency Ralings
low experience Medium experience High experience
{n = 1068) {n = 1387 (n = 1260)
Correlations Correlations Correlations
Variable Mean SD SER SUR Mean SD SER SUR Mean 5D SER SUR
SERY 3.5 1.5 4.0 0.8 4.5 0.8
2 SUR 3.6 1.4 T4 3.9 1.3 L] 2%% 8.2 1.1 L0x*
LDi 14.4 2.2 - 7% - 22%% 1 14,1 2.7 -, 21%% - .08%F | 13.3 2.0 .01 -.03

dSER = Self Ratings, SUR = Supervisor Ratings, LDI = Learning Difficulty Index.

**p o< 01,
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Figure 1. Apdrude cutoff scores implied for sasks of varying learning
difficulty at three levels of experience and constant target
performance level.
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cient indicator of aging =2ffects {(Minton & Schneider, 1885}, so
is tenure a deficient indicator of experience. Other surrcgate
axperience measures such as the self experience ratings and the
"number of times performed" measure used in this study are more
direct assessments of experience, but may still be deficient

indicators of the experience construct. A definition of the

experience construct that reflects meanings usually accorded it
is needed, as ars more comprehensive measures of the construct.

Longitudinal research should also be conducted to detsrmine
the differential contributions of aptitude and experience to
perfarmance over time. For many research guestions, longitudinal
studies merely afford a comparison between a statlc corrslation
and prediction over some time interval. However, experience
effects on performance imply changes over time, which, in cross-
sectional studies, can be misattributed to maturation, nonrandom
selection, or attrition effects. In general, longitudinal
designs do not bolster confidence in causal inferences from
nonexperimental data {Cook & Campbkell, 19793; Rogosa, 198Q0).
However, appropriate multivariable, multiwave designs such as
cross-sectlional time series designs permit statistical (e.qg.,
pseudo-generalized least sguares) estimates for (a) kias in para-
meter estimates due to unmeasured relevant causes of performance
which, when corrected, permit {b) unbiased estimates of causal
gffects leading to job performance.

The problem of diminishing predictability of performance
from aptitudes should alse be studied in the contexts of: (a) in-
direct effects of aptitude on later task performance, (Db)
temporally proximal aptitude and skill determinants of perfor-
mance, and (¢) non-ability determinants of performance beyond the
first few years of enlistment {e.g., motivation, situational
constraints, leader facilitation and support, commitment to per-
formance) .

3. Alternative task proficiency measures as defined in this
investigation did not capture common aspects of the total
criterion space. Prediction results for WIPT scores and self and
supervisory task proficiency ratings were guite similar. One
piece of evidence for convergent validity of measures is that
thevy do share similar predictors (Cock & Campbell, 1279). In
this senses, self and supervisory task ratings appeared to
converge better with WIPT scores than did QAP ratings. However,
low correlations between WIPT scores and task ratings indicated a
lack of complete convergence. Although WIPT scores and task
ratings may be similarly predicted from aptitude scores, they may
also assess distinct and different aspects of the total criterion
space.

Future research should attempt to disentangle measurement
source and criterion true score effects in proficiency measures.
Kenny and Berman (13980), Lance and Lautenschlager (1987), and
Widaman (1985) discussed how this might be accomplished using
multiple assessments of proficiency, s=ach obtained from multiple,
distinct measurement sources. Success in this area could lead to
technoleogies for the statistical control of measurement method
biags (Lance & Weehr, 1986; Wherry & Bartlett, 1982) and estima~
tion of latent true proficiency scores (Hulin, Drasgow, &
Parsons, 1983; Kenny & Berman, 1980).

20



4. Task experience and lesarning difficul:iv may interact In
predicting task proficiency ratings. Findings indicated that the
prediction of task proficiency ratings from tasks' LDIs
diminished with increased task experience. These findings may
reflect on-the~job~training contributions to proficiency cn
easier and, at higher experience levels, more difficult tasks.

However, similar effects were not observed for the predic-
tion of WTDPT or OPR proficiency measures. Self and supervisor
ratings are more likely to be influenced by judgments of day-to-
day performance than are the Walk Through measures. Thus,
interactive affects between task experience and difficulty may be
more apparent on proficiency measures that may also be influenced
by motivation and lLnterpersonal relations.

Intaractive effscts betwaen task experisnce and difficulty
in predicting task proficiency ratings may also represent a
spurious relation resulting from raters' implicit covariance
theories (Feldman, 1981). 7The diminishing predictability of
proficiency ratings from task difficulty measures at higher
experience levels may have resulted merely from incumbents’ and
supervisors' implicit beliefs that (a) less experienced airmen
are likely to have mastered easier, but not mere difficult,
tasks; whereas {p) more experienced airmen are likely to have
attained proficisncy on all job-relevant tasks.

These findings and alternative interpretations reinforce the
need for further research on defining the experience construct
and dimensional aspects of the total criterion space. They also
point to the need for more comprehensive study of the contexts in
which proficiency is developed and observed. Clearly, the
influences of formal and informal training on proficiency and
day-to-day performance should be explicated in the context of
aptitude, attitudinal, and situational determinants. The roles
of performance expectations in influencing actual preoficiency
(e.g., Eden & Shani, 1982) and judgments about proficiency (e.g.,
Kozlowski & Hults, 198&) should alsc be examined,

5. Predicted aptitude requirements may be derived from
analysis of situational demands. A prototype methodology was
demonstrated for linking aptitude regquirements to task learning
difficulty. The methodology reguires measures of: (a) perfor-
mance, (b) aptitude, and {(c) salient differences between situa-
tions (tasks, occupations). Performance must also be signifi-
cantly related to (a) aptitude, and (b) the salient situational
variable. Other variables related to performance (€.g.,
experience) may further define the link between situational
characteristics and implied aptitude requirements.

Future cross-specialty research is needed to determine the
appropriateness of this or other approaches for linking aptitude
requirements to situaticnal characteristics. Attempts to link
enlistment standards to situational demands (e.g., Occupational
Learning Difficulty) must be based on established relations
between performance and aptitude predictors at the individual
level, and macro, specialty-level difficulty indices. Accomp-
lishing this goal will require: (a) development of the
appropriate statistical rationale for relating measures taken at
different conceptual levels of aggregation; (o) collection of
aptitude, perxrformance, and job/task difficulty scores on incum-

21



pents and tasks azcross several specizlties; (¢) commeon profi-
ciency standards for airmen in different specialties; and {(d} a
demonstrated cross-specialty relationship between proficiency and
spectalty-level difficulty indices.

22



REFERENCES

Abelscon, R.P. (1983). A variance explanation paradox: When
a little is a lot. Psychological Bulletin, 57, 129-133,

arnold, H.J. {1982). Moderator variables: A clarification of
conceptual, analvtic, and psychometric issues. QOrganiza-
tional Behavior and Human Performance, 28, 143-174.

Arneold, H.J. (1%84). Teasting moderator variable hvpotheses: A
reply to Stone and Hollenbeck. Qrganizational Behavior
and Human Performance, 34, 214-224.

Bowers, K.S. {(1973). Situationism in psycholeogy: An analysis and
a critigue. Psychological Review, 80, 307-333.

Brown, C. [(1982). Estimating the determinants of employee
performance. Journal of Human Resources, 17, 178-194,

Burtch, L.D., Lipscomb, M.5., & Wissman, D.J. (1982, January).
Aptitude requirements based on task difficulty: Methodo-
1ogy for evaluation (AFERL-TR-81-34, AD-A110 568). Brooks
AFR, TX: Air Force Human Resources Laboratory, Manpower and
Personnel Division.

Casali, J.G., & Wierwille, W.W. (1983). A comparison of rating
scale, secondary-task, physiological, and primary-task
workload estimation technigues in a simulated flight task
emphasizing communications load. Human Factors, 25, 623-
64l.

Cobb, B.B. (1%68). Relations among chronclogical age, length of
experience, and job performance ratings of air traffic
control specialists. 2Aerosvace Medicine, 39, 119-124.

Cohen, J., & Cohen, P. (1973). 2applied multiple regression/
correlation analvsis for the behavioral sclences. New York:
Wilay.

Cook, T.D., & Campbell, D.T. {1979). OQuasi-experimentation:

Design & analvsis issues for field setrtings. Boston, MA:
Houghton Mifflin.

Eden, D., & Shani, A.B. {(1982). Pvgmalion goes to boot camp:
Expectancy, leadership, and trainee performance. Journal of
Applied Psycheology, 67, 194-199,

Ekehammer, B. [1974). Interactionism in personality from a his-
torical perspective. Psychological Bulletin, Bl, 1026~1048.

Endler, N.S., & Magnusson, D. (1976). Toward an interactional
psychelogy of persconality. Psychelogical Bulletin, 83, 936&-
974,

23



Epstein, $., & O'Brien, E.J. (1983). The perscn-situation debate
1

in historical and current perspective. Psycholcogical Bulle-
tin, 98, 513-337.

Feldman, J.M. (1981). Beyond attribution theory: Cognitive
processes in performance appraisal. Jeournal of Applied
Psychology, 66, 127-148.

Fishbein, M., & Ajzen, I. (1974). Attitudes towards objects as
predictors of single and multiple behavioral criteria.
Psvehological Review, 81, 59-74.

Fleishman, E.A. (1978). Relating individual differences to the
dimensions of human tasks. Ergonomies, 21, 1007-1018.

Fugill, J.W.K. (1973, October). Task difficulty and task apti-
tude benchmark scales for the administrative and general
career fields (AFHRL-TR-73-13, AD-771677). Brooks AF3, TX:
Perscnnel Research Divisicn, Air Force Human Resources
Laboratory.

Gininger, $., Dispenzieri, A., & Eisenberg, J. (1983). Age,
experience and performance on speed and skill jobs in
an applied setting. Journal of Applied Psychology, 58, 469-
475.

Golding, S.L. {1975). Flies in the olntment: Methodological
problems in the analvsis of the percentage of variance
due to persons and situations. Psvehological Bulletin,
82, 278-288.

Hedge, J.W. (1984, August). The methodologyv of walk-through
performance testing. Paper presented at the meeting of the
American Psvechological Association, Toronte, Ontario,
Canada. )

Hedge, J.W. & Teachout, M.S. (1886). Job rerformance measurs-
ment: A svstematic program of research and development
{(AFERL-TP~86~37, AD-Al74 178), Brooks AFB, TX: Training
Systems Division, Alr Forcs Human Resources Laboratory,

Horowitz, S.A., & Sherman, A. (1880). A direct measure of the
relationships between human capital and productivity.
Journal of Human Resources, 13, 67-76.

Hulin, C¢.L., Drasgow, F., & Parsons, C.K. {1983). Item responsa
theory. Homewood, IL: Dow Jones-Irwin.

Hunter, J.E., & Hunter, R.F. (1984). WVvalidity and utility of
alternative predictors of job performance. Psvchological
Bulletin, S6, 72-58.

James, L.R., Demaree, R.G. & Hater, J.J. (1980). A statistical
rationale for relating situaticnal variables and individual
differences. OQrganizaticnal Behavior and Human Performance,

24



25, 354-364.

James, L.R., & White, J.¥. III (1983). <Cross-situational speci-
ficity in managers' perceptions of subordinate perfarmance,
attributions, and leader behavior. Personnel Psvchology,
36, 808-~855.

Katz, R. (1978). The influence of job longevity on emplovee
reactions to task characteristics. Human Relations, 31,
703-725,

Ravanagh, M.J., Borman, W.C., Hedge, J.W., & Gould, R.B. (1986,
February). Job performance measursment classification scheme
for validation research in the military. (AFHRL-TP-85-31
AD-al64d 837). Brooks AFB, TX: Manpower and Personnel
Division, Air Force Human Rescources Laboratory.

Kenny, D.A., & Berman, J.35. (1980). Statistical approaches to
the correction of correlational bias. Psychological Bulle-
tin, 88, 288-295.

Kerlinger, F.N.,& Pedhazur, E.J. (1973). Multiple regression in
pehavioral research. New York: Holt, Rinehart, and Winston.

Komaki, J.L., Zlotnick, S., & Jensen, M. (1988}. Development of an
operant-based taxonomy and cbservatiocnal index of superviscry
behavior. Journal of Applied Psvchology, 71, 260-269,

Kozlowski, S.W.J., & Hults, B.M. (1986). Joint moderation of the
relation between task complexity and job performance for
engineers. Journal of dpplied Psvchology, 71, 196-202.

Lance, C.E., & Lautenschlager, G. (1987). Applications of
confirmatorv factor analvsis to performance rating data.
Manuscript submitted for publication.

Lance, C.E., & Woehr, D.J. (1988). Statistical contreol of halo:
A clarification from two cognitive models of the performance
appralsal process. Journal of Applied Psvchology, 71, 6739~
685,

Locke, E.A., Shaw, X.N., Saari, L.M., & Latham, G.P. (1981l)}.
Goal setting and task performance: 1969-~1980. Psychologi-
cal Bulletin, 80, 125-132.

Loher, B.T., Ncoce, R.A., Moeller, N.L., & Fitzgerald, M.P. {1885).
A meta-analysis of the relation of job characteristics to
job satisfaction. Journal of applied Psvchologv, 70, 280-
289,

Maier, M.H., & Hiatt, C.M. (1883). On the content and measure-
ment of wvaliditv of hands-on job performance tests (CRM 85~
79). Alexandria, VA: Marine Corps Operatlons aAnalysis
Group, Center for Naval Analyses.

25



Mathews, J.J., & Cobb, B.B. (1374). Relationships between age,
ATC experience, and job ratings of terminal air traffic
controllers. Aerospace Medicine, 135, 186-21s6.

MeGrath, J.E. {1976). Stress and behavior in organizations. 1In
M.D. Dunnette (Ed.), Handbook of Industrial/Organizational
Pgsychology. Chicago, IL: Rand-McNally.

Medoff, J.L., & Abraham, K.G. (1980). Experience, performance,
and esarnings. The Quarterly Journal of Economics, 85, 703-
736.

Medoff, J.L., & Abraham, K.G. {1981). Are those paid more really
more productive? The case of experience. The Journal of
Human Resources, 16, 186-216.

Minton, H.L., & Schneider, ¥.W. (19%85). Differential Psvcho-
logy. Prospect Heights, IL: Waveland.

Moray, N. (1982). Subjective mental workload. Human Factors,
gﬁ__; 25_40.

Mullins, C.J., Earles, J.A., & Ree, M. {1981, July). Weighting
of aptitude components based on differences in technical
school difficulty {AFHRL-TR-81-19, AD-Al02 043). Brooks
AFB, TX: Manpower and Personnel Division, Air Force Human
Resources Laboratory.

O'Connor, E.J., Peters, L.H., Eulberg, J.R., & Watson, T.W.
(1984, November). Situational constraints in the Alr
Force: Identification, measurement, and impact on work
outcomes (AFURL-TP-84~10, AD-~Al49316). Brooks AFB, TX:
Manpower and Personnel Division, Alr Force Human Resources
Laboratory.

0ldham, G.R., Hackman, J.R., & Pearce, J.L. (1976). Conditions
under which employees respond positively to enriched work.
Journal of Applied Psvchology, 61, 395-403.

Pearlman, K., Schmidt, F.L., & Hunter, J.E. {(1980). Vvalidity
generalization results for tests used to predict job profi-
ciency and training success in clerical occupations.
Journal of Applied Psvchology, 65, 373-406.

Rhodes, S.R. (1983). Age-related differences in work attitudes
and behavior: A review and conceptual analysis., 2Psvcho-
logical Bulletin, 83, 328-367.

Rogosa, D. {1980). A critique of cross-lagged correlation,
Pgsychological Bulletin, 88, 245-254.

Rothe, H.F. (1949). The relation of merit ratings to length of
service. Personnel Psvychologyv, 2, 237-242.

26



Schmidt, ..., Hunter, J.E., & Caplan, J.R. (1881). WValiditvy
generalization results for two groups in the petroleum
industry. Journal of apmlied Psvcholoegy, 66, 261-273.

Sehmidt, ¥.L., Hunter, J.E., & Pearlman, K. (1881l). Task
differences as moderators of aptitude test validity in
selecticn: A red herring. Journal of Applied Psycholegy,
66, 166-183,

Schneider, B. (1978). Person-situation selection: A review of
some apility-situation interaction research. Personnsl
Psvchology, 31, 281-2%7.

Schwab, D.P., & Heneman, B.G, III. (1977). Effects of age and
experience on productivity. Industrial Gerontology, 4, 113~
118,

Spiker, V.A., Harper, W.R., & Hayes, J.F. (1985). The effect of
job experience on the maintenance preficiency of Army auto-
motive mechanics. Human Facters, 27, 301-311.

Sstagner, R. {1977). On the reality and relevance of traits.
Journal of General Psvchology, 96, 185-207.

Stone, E.F., & Gueutal, H.G. (1985). An empirical derivation of
the dimensicns along which characteristics of jobs are
perceived. Academy of Management Journal, 28, 376-396,

Terborg, J.R. (1977). Vvalidation and extension of an individual
differences model of work performance. Organizaticonal Beha-
vier and Human Performance, 18, 188-2186.

Terborg, J.R. {1981). Interactional psychology and research on
numan behavior in organizations., Academy of Management
Review, 6, 38%9-3756.

Terborg, J.R., Richardson, P., & Pritchard, R. D. (1280).
Person-situation effects in the prediction of performance:
An investigatiaon of ability, self-esteem and reward contin-
gencies. Journal of Applied Psvchology, 63, 374-583.

Vineberg, R., & Jovner, J.N. (1983). Performance measurement 1in
the military. In F.J. Landy, $. Zedeck, & J. Cleveland
(Edg.), Performance measurement and theory. Hillsdale, NJ:
Exrlbaum.

Waldman, D.A., & Avolioc, B.J. (1986). A meta-analysis of age
differences in job performance. Journal of Applied Pswvcho-
logy, 71, 33-38.

Ward, C.J., &% Jennings, E. {1973). Introduction to linear
models. Englewood CLliffs, NJ: Prentice Hall.

J. (1984). Occupationl learning difficulty: A standard
for determining the order of aptitude requirement minimums

27



{ AFHRL-SR-84-258, AD-AL47 410). Brooks AFB, TX: Manpcwer and
Personnel Division, air Force Human Resources Laboratory.

wherrv, R.J., Sr., & Bartlett, C.J. (1982). The control of bias
in ratings: A theory of rating. Personnel Psychology, 33,
521-531.

Widaman, X.F. (1985). Hierarchically nested covariance structure
models for multitrait-multimethod data. Applied Psvchologi-

cal Measurement, 2, 1-26.

e, W.W., Rahimi, M., & Casali, J.G. (1883). Evaluation
16 measures of mental workload using a simulated flight
task emphasizing mediational activity. Human Factors, 27,
489-502.

Wiarwili
of

28



